Inter-Vehicle Communications, while template matching can be used to get information of vehicular position. In the paper, a simplified template matching, namely area-based template match is considered. A vehicular communication system designed for wireless data application is proposed where a camera is fixed in a vehicle which is served as a base station. By means of comparison between the outline area of vehicular image and reference templates, the base station can obtain the position estimation of the vehicle. The reference templates can be pre-calculated from a group of field experiment data. Based on supervised learning, we develop an image-based vehicle position estimation method and evaluate its effect on an adaptive coding modulation scheme. The computer simulation results show that in the wireless fading channel with the OFDM physical model, compared with fixed modulation coding scheme, the studied adaptive modulation and coding (AMC) scheme taking account of the position estimation can gain greater throughput.
I. INTRODUCTION
In recent years, research on how to achieve InterVehicle Communications (IVC) has become one of the focuses of research and application. It is emerging as a key part of Intelligent Transportation Systems (ITS) which facilitates the ITS to realize short distance wideband wireless communication without expensive infrastructure. IVC has attracted research attention from both the academia and industry of, notably, US, EU, and Japan [1] . Refering to [2] , we find that IVC can be briefly divided into two categories: one is mainly to solve traffic safety, called Safety Application; the other mainly contributes to providing value-added services, such as meeting passengers' need for business, entertainment and information functions in the car, called User Application. In other words, IVC can provide various road traffic applications ranging from traffic safety to pleasant driving. In [3] , IVC is simplified into three layer model which consists of physical layer, data link layer and application layer. Literature [4] gived the specification of Dedicated Short Range Communications (DSRC), a type of high-speed mobile broadband. Recently, many automobile manufactures regard DSRC as a vehicle communication platform called DSRC Vehicle Ad Hoc Network (VANET). Specially IEEE 802.11 adds the Wireless Access to Vehicle Environment (WAVE) [5] to form the IEEE 802.11p and the latter is very closely related to the IEEE 802.11a standard [6] .
Orthogonal Frequency Division Multiplexing (OFDM) is a multiplexing technique that divides a channel with a higher data rate into multiple orthogonal sub-channels with a lower data rate. OFDM has been adopted in several wireless standards such as digital audio broadcasting (DAB), digital video broadcasting (DVB-T), the IEEE 802.11a local area network (LAN) standard and the IEEE 802.16a metropolitan area network (MAN) standard [7] . OFDM is also being pursued for the abovementioned DSRC for road side to vehicle communications.
The significance of the paper is to propose an imagebased IVC design. In order to improve the performance of the AMC in the OFDM transmission, we use the supervised learning of machine learning to estimate the position of the vehicle.
The remainder of the paper is organized as follows: Section 2 introduces some relevant research work about image processing; Section 3 describes the system model and vehicle position estimation; Section 4 gives the signal model and the AMC selection; In Section 5, we bring out the simulation and results; and finally the conclusion is given in Section 6.
II. RELATED WORK OF IMAGE PROCESSING
Digital image processing refers to handling digital images or video frames by means of a digital computer. The results of digital image processing are generally images or a set of characteristics and parameters related to the images [8] .
Image processing techniques can be used to measure distance. In [9] , Lu et al. proposed a novel measuring system using a scan-counter method via a CCD camera. The system can be used to measure the distance between a CCD camera and an object. Set on either side of a CCD camera, two laser projectors in the system produced two parallel rays that projected two bright spots on the object and the CCD. The interval between the two bright spots in the video image was calculated. As there is a linear relationship between the actual distance and the interval of the two bright spots, the actual distance from the CCD camera to the object can be obtained from a simple formula. Later, Hsu et al. [10] brought forward a new method for calculating the distance. The proposed scheme counted pixel number variation of reference points in the images to acquire the displacement of the camera movement along the photographing direction.
In [11] , Chang et al. proposed a method to use images to measure the relative distance between vehicles. The procedures of the method were divided into two parts. First, the location of the license plate in the image was found by several image processing techniques. Second, the image size of the plate was obtained by the region growing technique, then the relative distance was computed by using the geometric relation.
In [12] , Lü et al. put forward an efficient measuring method for live plant leaf area. The proposed method was composed of four steps. First, image geometric distortions were corrected by using mapping function. Then, image segmentation was performed using threshold method and leaf region was obtained. Next, leaf contour was extracted and contour region was filled. Finally, leaf area was calculated through pixel number statistic.
An object size in images can be obtained by using the result of contour extraction. There are many papers focused on this topic. Active contour model, known as "snakes", is a framework for delineating an object outline from a noisy image [13] . Snakes have been successfully used in segmentation, matching and tracking the interested target. In [14] , Dubuisson proposed a specific method for the contour extraction of the moving object. The method is based on the fusion of a motion segmentation technique, which uses image subtraction and color segmentation based on the split-and-merge paradigm and edge information. The edge information can be obtained by using the Canny edge detector. He also applied the object matching in intelligent vehicle/highway system.
III. SYSTEM MODEL AND VEHICLE POSITION ESTIMATION
The scene of IVC in the paper is shown in Fig.1 . The three vehicles form a linear topology of the Ad Hoc Network and each vehicle is regarded as a communication node. Each vehicle is considered to be equipped with a whole communication system, which consists of three main components: the wireless transceiver, the microcomputer and the camera. The main function of each part is as follows:
1) The Wireless Transceiver: It is used for the receiving and sending of information between vehicles of short distance.
2) The Microcomputer: On one hand it receives the image information from camera through a specific interface and then handles the information and displays the results on the screen; On the other hand, through a specific interface it communicates with the wireless transceiver.
3) The Camera: it is the main sensing component of the system and used for capturing the surrounding environment. In the paper, it is used for capturing the snapshots of the vehicle so as to track its position. 
A. Assumptions of the model
Before introducing the specific design, for the sake of simplicity, we make the following assumptions of the system. 1) In order to facilitate the camera to capture the snapshots of the vehicle, we assume vehicles are traveling in the queue, that is to say, they are traveling in a straight line.
2) Taking into account the driver has good vision in front of the vehicle, we assume that the camera is installed at the tail of the vehicle and only captures the snapshots of the following vehicle.
3) As the communication process as well as the control process of the vehicle with its preceding one and the following one is similar, we just consider the vehicle communicate with its following vehicle. Hereinafter, when referring to a vehicle that transmits data, we called it active vehicle, otherwise we called it inactive vehicle. 4) We assume that the camera is with ordinary and fixed focal length optical lens. 5) We assume that the type and size of the vehicle are the same.
B. Vehicle Position Estimation
Considering the position of the vehicle changes rapidly in IVC, it is difficult to achieve exact matching of the vehicle. The paper performs a fast matching based on the contour area of the vehicle. The active vehicle selects the appropriate modulation and coding scheme for OFDM transmission with the assumption of an ideal OFDM channel estimation. The key part of the process is to determine the distance between vehicles through snapshots of the vehicle, which we will use machine learning algorithms. Machine learning is generally divided into supervised learning, unsupervised learning and reinforcement learning [15] . For our scenario, supervised learning is adopted. In this method of learning, a training set is given, and then we attempt to identify the relationship between input and output through a learning algorithm and then achieve a function h , called a hypothesis. When a new input x is given, we can get the predicted output y through the function h .
The process is shown in Fig.2 . Supervised learning consists of two important parts namely regression and classification. The difference between them is whether the predicted output is continuous or discrete. If the predicted output is continuous then it is a regression problem, otherwise a classification problem. As the output in the paper is continuous, we consider the former one. Figure 2 .
The supervised learning process
In the paper we consider an n-dimensional linear regression, in which the relationship between the input features x and predicted output y is linear. As illustrated in equation (1),
where θ and x are both vectors, and we set 0 1 x = . In order to work out the value of θ , we first introduce the cost function, 
In equation (7) In the studied OFDM transmission scheme, distinct Quadrature Amplitude modulation (QAM) schemes are used according to differing separated spacing between the two vehicles communicating with each other. The cyclic prefix is used in OFDM signals as a guard interval whose length needs to be larger than the maximum excess delay to mitigate the effect of Intersymbol Interference (ISI) due to the multipath propagation. The cyclic prefix is added after the IFFT at the transmitter and is removed in order to get the original signal at the receiver. Assume the length of the packet is L , define the throughput of node i is R f , the data rate is m R and packet error rate (PER) is e P ,then we have:
V. SIMULATION AND RESULTS
The simulation training set for the vehicle is obtained from the practical measurement. First we fix a vehicle V 1 (base station) and make another vehicle V 2 drive in a straight line towards V 1 . Then we use the camera installed in V 1 to capture the snapshots of the V 2 and estimate the distance d between them. Finally in order to reduce the dimension of the unique input feature, we regard the area of the vehicle as the input feature and the corresponding distance between vehicles as the training set output. The type of the vehicle is Peugeot 307, the camera employed PAL form, the lens focal length is 12 millimeters and the image resolution is 720*576 pixels. When the distance between vehicles is too far, the vehicle size in the image is too small for the camera to capture. On the other hand when the distance is too close, the vehicle size in the image is too large and occupies the whole image. Taking both into consideration, we choose the distance ranging from 15 meters to 70 meters. The practical measured data is shown in Table 1 . As observed from Table 1 , when the vehicle spacing is close, the outline of V 2 becomes larger in size; when the vehicle spacing gradually increases, the contour dimension gradually becomes smaller. After getting the training set, image fitting can be performed by using the mentioned linear regression method.
For the plane curve fitting, n points on the plane generally can always be completely fitted by using n-1 order polynomial fitting. However, even though the fitted curve can pass through the points perfectly, we can not definitely say that the curve is a best prediction. In the studied process the prediction is the vehicle spacing for different outline areas of the vehicle. Two major issues for the curve fitting are over-fitting and under-fitting. In general, the under-fitting shows if the order is lower compared with the actual model's and mainly behaves that most of the data are not good fitted as show in Fig.3 , while the over-fitting shows if the order is higher than the actual model's and mainly behaves that all the data are better fitted as show in Fig.4 . The selection of the order plays a decisive role in the curve fitting. We employed a 3-rd order fitting and the fitting result for the area is shown in Fig.5 . Figure 4 .
The over-fitting for the training set with 7th-order Fig. 6 . One curve represents the near constant performance with a fixed modulation mode of QPSK-1/2, another represents the performance with the AMC mode taking account of the position information. Obviously, with the proposed AMC the system throughput can be remarkably improved.
VI. CONCLUSIONS
Position estimation has a significant effect on the choosing of transmission parameters of wireless vehicular communications. However the research work in this field is less. The work of this paper shows such a preliminary design, namely vehicle-location awareness OFDM transmission. By using the supervised learning algorithms of machine learning, the base station can first perform identification and area matching and then predict the separated spacing between the two vehicles communicating with each other. The spacing information can be used to the subsequent selection of modulation and coding scheme. Therefore, the throughput performance of the vehicle communication system will be significantly improved.
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